Introduction

15
Spore formation in Bacillus subtilis involves the formation of an asymmetrical cell division septum 16 that divides the sporulating cell (sporangium) into a larger cell (mother cell) and a smaller one 17 (forespore). With a process that takes seven to eight hours to complete, the forespore differentiates 18 into a mature spore while the mother cell contributes to spore development but eventually undergoes 19 lysis to liberate the mature spore when morphogenesis is completed (20) . Much is known about the 20 programmes of differential gene expression that drive the process of spore formation in the two cell 21 types. In the forespore the RNA polymerase sigma factors σ F and σ G and the DNA-binding proteins 5 products were visualized on ethidium bromide-stained agarose gels and gel purified by the QIAquick 82 gel extraction kit (Qiagen) as specified by the manufacturer.
84
Construction of a gerR null mutation. An internal fragment of the gerR gene was PCR amplified 85 using B. subtilis chromosomal DNA as a template and oligonucleotides ylBOs and ylBOa as primers.
86
The PCR product of the expected size (414bp) was cloned into the pGEM-Teasy vector (Promega) and 
93
To insert a wild type copy of gerR at the amyE locus of strain GC260, a PCR amplification product 
99
The resulting recombinant strain GC284 was obtained by double-crossover recombination at the non-100 essential amyE gene on the B. subtilis chromosome.
102
Construction of lacZ transcriptional fusion and β β β β-galactosidase assays. (Fig. 2) .
236
GerR effect on GerE. The expression of the late sporulation genes previously identified as controlled 237 by GerR, cgeA, cotG and cotY (12) , as well as the expression of cotB, cotC and cotU (Fig. 2) , is 238 strongly dependent on GerE (7, 8) . This raises the possibility that GerR acts on those genes indirectly, 239 through GerE. To evaluate this possibility we first analyzed a gerE::lacZ translational gene fusion in 240 an otherwise wild type strain and in a isogenic strain carrying a gerR null mutation. As shown in Fig. 3A , the gerE-driven production of β-galactosidase was identical in the wild type and in the gerR-242 defective background, clearly indicating that GerR does not affect the expression of the gerE gene.
243
It has been previously reported that GerE fails to accumulate in the sporulating cells of a strain 244 carrying a null mutation in the spoVIF gene (10, 11). Since GerE is normally synthesized in the 245 spoVIF mutant, a positive post-translational effect of SpoVIF on GerE has been proposed (10, 11).
246
Since SpoVIF structural gene is σ K -dependent and GerE-independent (10, 11), we hypothesized that 247
GerR indirectly controls GerE activity by affecting the expression of the spoVIF gene. Therefore, we 248 constructed a transcriptional spoVIF::lacZ gene fusion (Materials and Methods) and followed the 249 spoVIF-driven production of β-galactosidase in time course experiments in the wild type and an 250 isogenic strain carrying a gerR null mutation. As shown in Fig. 3B , in the gerR mutant spoVIF 251 expression was significantly lower than in the congenic wild type strain.
252
Those results indicate that while GerR does not control the expression of gerE, it positively controls 253 the expression of spoVIF whose product regulates the level of GerE accumulation in the mother cell 254 (10, 11). Based on this we conclude that GerR acts indirectly on GerE and that its role on at least some 255 of the GerR-controlled cot genes, could be indirect and mediated by GerE.
257
GerR directly regulates spoVIF, cotB and cotU. While the action of GerR on cotB, cotC and cotG is 258 likely to be indirect and mediated by GerE, its action on cotU has to be independent from GerE, since 259 cotU is positively regulated by GerE (8) and negatively by GerR (Fig. 2) . This raises the possibility 260 that GerR effect on cotU could be direct or mediated by a transcriptional factor other than GerE. A 261 direct effect of GerR on late sporulation genes would imply that this protein, whose gene is expressed 262 at maximal levels three hours after the onset of sporulation and is then drastically reduced (Fig. 1A) , is 263 still present and active several hours later (Fig. 2) . We decided to verify the presence of GerR during 264 sporulation and to this aim we raised an anti-GerR antibody. A His 6 -tagged version of the gerR gene 265 was over-expressed in E. coli and the protein partially purified by Ni 2+ -affinity chromatography used 266 to immunize rabbits as described in Material and Methods. Western blot analysis was performed on (Fig. 4) . Both bands were not present in a strain carrying a null mutation in gerR and were partially 270 dependent on spoIIID. They appeared two hours after the onset of sporulation, peaked between three 271 and four hours and then decreased, consistently with the gene expression profile reported in Fig. 1A .
272
The two forms of GerR are probably due to an additional start codon; we noticed that codons 15 and 273 21 are both potential start codons with putative ribosome binding sites (not shown). In a wild type 274 strain GerR, although in a reduced amount than 3 and 4 hours after the onset of sporulation, was 275 present in sporulating cells at least up to eight hours after the beginning of sporulation (Fig. 4) , which 276 is consistent with a possible direct regulatory role of GerR on late sporulation genes expression.
277
To verify whether GerR was able to bind to the promoter region of GerR-controlled genes, we decided 
301
We also analyzed the effect of GerR on several late sporulation genes. 
313
Based on these results, we propose that GerR acts on late sporulation genes in two ways: i) directly by 314 binding to the promoter regions of cotB, cotU and spoVIF and ii) indirectly, on cotC and cotG, 315 through SpoVIF and GerE (Fig. 6 ). The spoVIF gene codes for a protein needed for the accumulation 316 of GerE in the mother cell cytoplasm (11) . In a strain carrying a spoVIF null mutation the gerE gene is 317 normally expressed but its product fails to accumulate in the cell cytoplasm (11) . Based on this 318 observation, we propose that GerR directly promotes spoVIF transcription, therefore positively 319 affecting GerE accumulation and its transcriptional role on late sporulation genes such as cotC and 320 cotG (Fig. 6 ).
321
In the cases of cotC and cotG, expression of the two genes seem to be strictly dependent on the 322 presence of GerE. In a gerR mutant the minimal amount of GerE present in the cell because of the transcriptional factors have opposite effects with GerE and GerR acting as an activator as a repressor, 327
respectively. However, in a gerR mutant, where the repressor is absent and only a reduced amount of 328 activator is present, cotU expression is significantly higher than in a wild type strain.
329
In conclusion, our data reinforce the view that in the mother cell the programmes of gene expression 330 driven by σ E and σ K are tightly connected to each other by the action of various transcriptional factors.
331
GerR is one such factor, which controls genes of both σ E and σ K regulons, acting alone on some genes 
